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iTimoDUCTion 



This paper x-rf.ll describe the x/or;' done in the Betatron 
Laboratory tcxrxrd doternining the fare sho Ids for trio (V> ^ ) 
reactions of sevoral light clonents? in particular j naencsiun, 
alunimn, and silicon, by aoasuring tho residisal activity of 
til© short half-llvod products of tlio reactions# Tills involved 
ncasnring tho positron activity of prorluctn xrfth half*-livos 
of tho order of 2 to 12 seconds# Tho innediato results of 
this project, rund those reported in this paper, ¥er*e the 
doteinination of tho half-livos of tlic activitios under con- 
sidoration* Tho fiml threshold x?orI: xrfll be done liy another 
studont as part of his dissertation. Tills \jotK x?as undortahen 
as an aid to his x-/or! » 

Tho paper has been divided into tho fo.llox-rfng sections « 
theory, problem, oquipaont, operation, and results# 



4 



I 



I 

i 



I 

*; 

I 

!< 

W 



« 2 



TrnrPvY 



lliG reactions of mcleii vrith eiectroan *nctic r^'*ji.'’tlon 
is a lucrative Ec*aT*co or lrifoT*iition about tbo naclctis* TIior.o 
roactiens, laiomi ns photcmiclcar ronctl'-ii'', caji bo u^od to ctiidy 
the lovol atructuro and binding onorgy of the outor pai’ticloo 
of the nudes' a « tIio (^<\a) roactionc, t>ioDo in a neutron 

Is roleasodj woro tho ones of prl’-iary Interest Ir ttds Instaneo* 
It Icsircd to neasure the thresholds for the ( ) 

reactions for tlio three light clericntss aagnosiurag alunlnn^j and 
silicon* To do t'^isg the reaction is producod by irradiating 
targots of the aatorial under study with s:~riys prchico"’ by a 
betatron, Tlie reactions can then bo obser/od in either or ta/o 



wash's, Tlao neutrons produc-'d In tho ro*ic'ions can bo observed as 
they leave tho target, or the rosidi a 1 activity of th.o product 
of tho reaction can bo obsorveda In tho er^iarir-ant ur?!or cor- 
sldoration, tho see uid i^othod \;as chosen* 

In obcor“/i!ic tlio ( iT, i.i ) ronction Irj this r.othc'% tlie 
targot is irradiated with u~rays of various Gno*'gIor and tho 
resulting activity is ncasurel for each energy* hhen activity 
is plotted against tli<^ energy, on activity curve is obtained* 

Tho location of tho initial rise in activity In t*iis cur^’o gives 



tho threshold energy for the reactiona 



ITo^rovor, th.oro are ot^icr things to considor* 
used a'*e -oroduced by a betatron, in tliis ease an 
nacliino of raaniriu!-. energy of 2" ’'ov. 



Tlio ::-rayo 
Allis-Chalaors 



Tlio T.-rays produce 1 arc 
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tiio bronnstrnlilt:nc fro-j accelorntod electrons Inpingina upon a 
platlnun target. Tills produces a contlnuor.s cpoctru” of cncrcicG 
vlth a veil defined rnKlnun# Tiio intensity distribution of this 
spoctiTU- is inpoi’tnnt vhon it is dosi’'od to reduce the activity 
data tn*'cn to a cross soc'ion curve for the roactloiio For 
i-.easuriiig the throshold onorcios, tho activity curves arc plotted 
as functions of tho mxinun brer.sstrnhlunG energy, 

Considorinc a pur© t argot, there \rill bo only one activity 
prosint to bo countod. And if only tho activity of the target 
is counted, the activity observed irill be due only to a reac ion 
in the target. But there nay still bo acti/ity due to two dif- 
foront reactions such as ( d ) anrl a ) reaction, Tlius 

it is necessary to separate tho activity desired fron that of 
o::trancous rone’ ions, Inpairltios, associatod lial orials, and 
background. To do this, tho origin of the Interfering activities 
nust be detorainod so lhat they can bo elirdnatcd if they obscure 
the dosirad threshold, or ta’-on into account as corrections if 
tl?cy cannot be removed , 

TIic origin of the acti"/ity observed is dotorninod by 
measuring its half-life, Tlien by ccnpariiig it to the hair-?i.lvos 
in a table of isotopes, tlio so-orco of tl-o activity can usually 
bo Idontific'-*, 

The characteristics of ^hc throe elomonts under consider- 
ation pose some problems x^hen ono tries to cacuro tho th.rcsholds 
by activity. The general characteristics are as shoiai in T=blo I, 
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Caloiilv 

Par-ticlo f 

% . Bindinr Hair~livoc^-^'^ 

Isotope Abundance ^^^Hcactlon Bn^rEyv-'ev Product of Product 



Kg2^ 


73,6 


( ^,n) 


lif,2''2 


jjp.23 

^ *0 


10 . 7 “ 12 .3 ^ » 




10.1 


( 'f' 9P) 


12.100 


iiU 


l’s-„97-l5ao h 




11.3 


( »%P) 


13.63^> 


ra25 


60 s, avornco 


Ai27 


100 


( r ,n) 


13^675 




6»3*“7i>2 3. 


Si^^ 


92.23 


CJr,n) 


15.169 


Cl27 


U-.l*<ir.9 s* 


S±^ 


if.67 


( ,P) 


12,223 


Ax2’ 


2.07-2.31 r.u 


s±^ 


3.0^; 


( ^ jp) 


13.622 


Ai29 


6 , 56 - 6.7 n. 


The 


problou of 


the short 


half “lives 


must be 


tal-on care of 



by arronEinc a ’■lothod fer elinlnating tlio tin© lapse bot*jccn 
Irradiation and countii-ic:, and in order to obtain sufficient 
counts to give acceptable statistics to the results ^ tlic best 
counting efficiency possible irnst be obtained. 

Tiy !lah<^Sboir"ci"~(5i^:lot^ '►^‘^rsrcc’j clie t 
Conoany (19^) 

(2) A, G. Gaiioron, Report CIP-. 69 O (AFCI^’-j-33) 

(3) D» GtroninEOPj ot al. Rev, ?'od» Pliys, 2, pt, II (1953) 
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Thor^' aro several v;ays in %/hlcli e c'~:’Etln^ conld bo done. 

The positrons crnld bo counted directly, or tLo anniliilation 

radiation of the positrons could be cc^rntod. In this case, it 

vns decided to count the positrons directly. J^lnco the coiinter 

would bo In the sane ro n as the betatron, a scintillatinc 

material \diich vas relatively insonsitlvo to radiation and 

neutror-S, but quite efricient for charged particles, iras desirable. 

This would alloi; good counting of the positrons while rod'acing 

the effects of baci'ground ganna radiation and activities rosult- 

ing froia (n,V) reactions produced by the neutron flv.3c in the 

* 

botatren room. 

rinco the acti^alty to bo counted \/as o:-r)Octed to bo low 
in the vicinity of the thresholds, it ^ras dosirabllc to hoop the 
counting efficiency as high as pocnlblo, and to obtain as nany 
positrons frori tho target as possible. In order to obtain the 
first of these c'^ndivions, *was desirable to have as nearly 
MTgGonetry for tho ccfunting process as possible. If tho 
target vrero entirely ^rlthin the scintillating material during 
counting, the best efficiency would bo obtained. '*or those 
reasons, a liquid scintillator chosen. Using a liqiiid 
would allor complete imorsion of tho target for coamtlng and, 
if tlio voluno of scintillator votq largo enough, all the 
positrons vou3.d be counted except those .absorbed in tlic target 
itself. In order to rochice tho absorption of tho target, it 
''.fas desirable to nal.o the target as thin as practical. Ko\fcvor, 
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to got as nuch activit 7 as pon^blo, it was also nocossary to 
have as nuch naterial in tho target as possible. In order to 
neot those conTlictinc requironenti , it vas docilod to nako tho 
target an array of strips an.l arrange thon so that the Ff' ti:bo 
looked at it along tho direction of tho long dinenoion of tho 
strips. To decide upon tlie dlnensions and arrangonont of tho 
target strips, the follo\rlng calculations wore used as a guide. 
Ilalf intensity angle of the betatron beam •tJ' 

Target distance fron botatron targets cj 'Z. 

Wicltli of betatron beau of half 
intensity at targets // ~ 

Tho tvargot arrays i/ero nado vrf.th a ^ridth of to keep then 
woll within tho section of the bean of higher than half nasdnan 
intensity. 

Next, using a carve of beta energy in Nov versus range in 
nilligrans per square centinotor for tho absorption of beta 
particles in aluninun^^^ho range of tho positrons was colcrulated 
in each of tho target natcrlalo and in toluene (tho solvent of 



the scin 
Target 


tillator) . 

Positi’on^^^ 

Pnorgy 

>'ev 


Target Range in 

Density Aluni^n 

g/cc g/cn2 


Calcu.la tod 
kange Range 

in Target in Toluene 
cm cm 


Toluene 




0.866 






>:e=3 


2*99 


1,7*^- 1.5 


0*86 


1.73 


&l35 


3»24 


2.70 1.7 


0.63 


2.0 


Sl^ 


3»76 


2M 1,9 


0,79 


2o2 



’(^y ' AnGrican insti-bitc of pli^ysico Ilandbook ’ 

(^ Eandbook of Chcnlstry and Physics, Cher;ical Pub. Co* (1957) 



4 



I 



Calculation for aluninuns 
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TiiG rancos calculated a>'VC are the p .'actical ran£;os, 
ono tenth of tho calculated rnneo value \rlll civo n thickness 
\^hlch will allow apurox^jaately 80^ of the particles to escape, 
Tims, by nahinc the target strips 1/3'* s ^ 1*1? cn) 

In cross section, nearly all of tho positrons produced in the 
strips will got out Into the scintillator* llicn, if tho strips 
arc spaced at least apart, the positrons will stop in tho 
scintillator, Tliis still leaves tho pvohlcn cf bo''--! absorption 
if several of tho strips aro placed in lino -^/itli o.ich otlier, Tho 
riass absorption coofficicnts^^\/oro tahen fron TT3S report 1003 
(19^2) for 19 i!ev and arc as follows j 



Alunimm 0,021S* cn^/gn 

rill con 0 , 023 ^J- 

Air 0,013 d Ci'^/ £pi 




Tl'ion tho calculation for alur.lmir::i and for the air over tho 
2 n{;th of the target is as follows* 
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Tlie next connidoration trac the tir.c of imdlation. Using 
/V z |L--t where II oq lals iranl^o • of nucloii , ” equals 



a constant, t equals 


tine , and o 


equals th© 


half— life, 


following irradiation tir.es •v/orc ( 


abtainods 




Irradia tion 




Counting 


Percent 


Tine in 


Percent 


Tisae in 


iGSldual 


Half -lives 


Saturation 


Half-lives 


Activi ty 


3 


07 . P 


3 


12.5 


? 


97 




3.0 


7 .^? 


I'X) 


6 


1.6 


Tills inf cma tion shows that 


for tho best results. 



targot should bo irradiated at least ? half-lives in order to 
got the nxtirron activity without ;raGting tinoa It also sho’.rs 
that after coimtinq for five half-lives , the activity x/ill have 
f-illon essentially to bac’*;£round» •''ssontlally, this ru3ons that 
tho counting cycle v/ill have to extend to at least five liaJi*- 
livcG for best roGuits# The irradiation tlno can be varied to 
keep tho initial activity xrithin tisabl© linito, or to hoop 
undesirable long lived activity to a ninimrs. 
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The prcblen at hnnd was to conctnict a dcvico to uco In 
ceasaring tho ( K ,n) thresholds for several light elcnonts 
by ne.asuring the rcsidnal activity of their short half-lifo 
products* This involves Eoasurin?; tho activity of isotopes 
\;ith half-llvoo of tho order of 2 to 12 seconds, 

Tlie problcn could bo divided into several parts. The 
priniary part was to construct a nochanisra which wo'ild hold tho 
target in the x-ray bean in a fixed and reproducible position 
for a controllable length of tlr.c and then remo /e the target 
rapidly to tho counter. It nust then hold tho target in tl^o 
counter in va fixed and reproducible position for a controllable 
length of tine 9 

71th tho short tines involved, it was also dosirablo that 
tho device control tho starting <an1 stopping of the irraiiatlon 
and counting process. And in or lor to i prove the statistics 
of tho data obtained, it was desired that tho nochanisn operate 
on a continually repeat 5.ng roproduciblo cycle to ’•.aho best use 
of the available tine on tho bot.atron. 

Then, the counting process involved would entail counting 
a relatively low activity with a high Initial counting rate due 
to its short half-life* 
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CQiriPVT.K'r 

Tlio dcvico constr^ictod to solve the problen ac doscrihod 
above is shoim in figure 1, ard Its various cov.pononts arc 
shovm in Fif:ures 2, and 6, Tlie device was designed to 
position the target sanplos and control the operation of the 
betatron and counting equlprient in ordor to Irradiate the 
sanplo and then count the residual activity, 

T5ie device can be separated Into three basic co/'ponents 
■which are nounted on the stand and chassis racks as appropriate. 
The first basic portion is the positioning lucchanisn. 

The problen here v;as one of holding the target in t!:.e x-ray 
bean, then noviiig it do-^m into tho scintillating natorial in 
order to count the activity, and then noving it bad: into the 
bean. Tills had to bo accor.plislied rapidly with control of the 
downward novo^aont and the operation had to bo positive and 
reliable. This was acsonnlishcd by using a double acting air 
cylinder nounted vertically v;ith tho target attached directly 
to tho piston rod. The isovcnont of the piston was adjusted to 
adjust tho nosltion of tho saniplo. 

Tho cylinder used was a Hodernairo, 1-1/8'* dinnoter double 
acting air cylinder, Tl.is slse piston provided a force equal 
to tho air pressure ap’^>15.od x/hen tho oxhaunt for the opposite 
end of the cylinder is not restricted. Thus considering a tar- 



get and piston ascenblage weighin:: approximately one pound and 
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Figure 1. Overall view of device and associated 
electronics. 
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an applied air pressriro of 50 pounds. A “inirron tiro of travel 
can bo fo’jnd for a piston travel of 6‘*. 
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This tine was ncro than sufficient consideriiig t!'C half- 
livos involved. In fact, considontions suc3i as delays rcqniirod 
to cause proper operation of the counting ociuipnont and the 
problen of splashing In the liquid scintillator ucod dictated 
a nuch slender rate of fall than that v/l^ich %/as at first antici- 
pated. Tiao positive action of this sioclianisn also precluded 
any bounce or oscillation at tho o.id of the stro'''e* In order 
to control the downward rate of travel, a nepdlc /alve, as shown 
In Plruro 2 , was nttachod to the cjii-xict sid^ of the valve at 
the betton of the cylindoro It w^as thus possi’ol'^ to control 
the rate of fall fron al’acst t;-iO :n 5 a:rj.n to a uininun of tho 
order of secondj3» iliio controlled tin.e of fall allowed the in- 
troduction of the requirod delays mentioned above « '™ne cylinder 
was oporitod with solenoid controlled valves \^*ich provided for 
the requirod rcncte and auto*' atic oporationo Tl'e air supply 
used was the laboratory supply which vac roducod fr n 50 to 15 
p.s.i, gauge o!^ the cylinder was erhnustod to tlio atr.osphore. 
The rate of fall had to bo sot ioanually. TIio stro!;e of the 
piston was adjusted by vo -ns of luclto clo^vos slipped over the 
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Figure 2, 



Air cylinder j solenoid valves, and 



needle valve assembly 






Piston rod, ITio cyllnlor hid a strol'o of cicht inches. 

TIio bot'^'on -osition was fixed, but the loverod position of the 
target could be adJi*stod by apprc'cimtcly •?:” v;ith tiio connect- 
ing sleeve, vjhich connected t! o piston roO to the extension on 
vhich the target was nounted. This can readily be seen in 
Figure The lucite oleovec could then be us^d to adjust the 
top position thro’ugh tho full eight inc> es of travel by 
adjusting the stroke allorcd* 
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Figure 3 » PrcanT)lifi'->r and volt'^ge divider. 

The next co-'penGrt oC the dc 7 lcc is the coi^ntor. Tliis was 
a scintillation coimter using a Dunont 636V photo: ultiplier 
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Figure h» View of counter and air cylinder 
assemblies showing control microswitches. 
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tubo and a liquid scintillator. The scintillator used was 
ponufactured by the Isonot Corporation, It is a solution of 
p-trlphonyl in toluene with ». trace of diphenylhoxatriene as 
a wave lonirth shifter. The PI' tube was mounted on a chassis 
containinc tho proanpliflor and voltage div5.rler as shovni in 
Figure 3* Tlie electronics used wore a Cos aic nodol 101 anipli- 
flcr, Atonic nodol ^10 single channel analyzer, Atonic series 
1010 scaler, and a Flulco nod el hOOF high voltage power* supply, 
Tho prco::plifior used is shown in Figure 3* It is a lc^; input 
iinpcdanco typo vdiich was used to reduce fee effects of plcbup, 

— I — 

It was supplied with a negative high voltage and 300 rolt 3 
supply, 

Tho oiitr.ido ci/rlinder of tho P!T assonbly was nado of stool 
tubing. This \ns usod in or-^cr to provide magnetic shielding 
for the PH tube, and because the extraneous activity induced in 
it by the neutron flux and stray x~rays in the nachino rocrj 
could be expected to bo low cnou 'h in intensity and of such a 
half-life as not to inter ‘’ore with the activity that was to be 
counted, Tho steel ttibo \/as divided approxirntoly 1/3 of its 
length from tho top by a lueito plate to fora a tanl: for the 
liquid GCintillat'r in the ton t^ird„ The face of the PV tube 
was optically .Icinod to this plato \;lth hi *h v'iscosity silicon 
oil, Tho Incite plate was mchinod for a uross fit into the 
tubo and wno forood into place, then the tube and plato were 
drilled to accept snail mchino screws. This operration nado a 
liquid tight soal and no other soalant ifas renuirod| but, for 
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s'lfoty, Duco Cerient wns a so " as an ari uti •jr. .1 so'^l, Vho t-in! 
portion of tho tnljo \ns t’icn lincl w*tl- stilnl'^sr. st'^ol jl.oot 
In order to p-’f^/ont ntst xx*. p'i’ovido a roflcctLuc ^T-'rfacr, Tliis 
shoot was Cat and rolled for n press fit Into th* tube. This 
nrrnnGonent was satlsffactory and proviled plen ty of i*con for tho 
targets used, lie* rover, tho space required fer tfti\"':t inoorticn 
was crach less than the clr.o of tho tarJu ?o ft l icit© insert i/ao 
put Into the tan?: to reduce it' siac. Tie Insert was also lined 
with stainless stool sheet to prov5.de a reflect in^r curfaco^ 

This insert, as sho^m in Fig’’’re 6, reduced t> o siso of thas tan>: 
to 2 X 4 s This Mas large enough .for the targ<^ts used and 

reduced considerably tho anount of scintillator roq-uirodo 
Hoducing the anount of scintillator also reduced t>.,e h''c’'gro"'nd 
without affecting tho countirg of short range charged particles. 
Figure 5 sh.ows a bachground curve and an energy calibration 
carve taben, using as a source ^ for the final configuration 
of tho tail!:, 

Tho top cf the tanh was loft operiu Tlie p?.ato in which the 
target was nounted was used as tho top of the tanb. Tills did 
not ccirplotoly cover t'io tanl: but did provide a satilrf ictrry 
cover, 

IText, a cover for th-O tail: which would allm? roo’i for the 
novanent of tho target and thror gh which the target %/ould bo 
irradiated was recniirad® Tills was nado frem lucito tubing as 
shown in Figure 6, Tliis tubing \ras 5” o,d„ and ^rst slipped 
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Figure 6, View of interior or scintillator tank 
and plastic cover of the counter. 
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into the stool tublnc» A flnrigo \ns ad*'’ocl to hold ^t in position 
and a strip of Scotcl brand eloctricnl tape -jas used to coal 
this joint in the final nssoribly, Tliis vns sur:-:ountod by a 
snallcr dloiioter tnbo 8” Ion-, vlth a {piid© for the piston rod 
extension at each ond» Tliic pro-'/idod fpiidancc for t?*G tra vel of 
tho tarijot and elininatod in the lone piston rodo 

For licht tightness, tho w):iole cover was tapoi uith “Scotch 
brand electrical tape a:ad a piece of hca-’y bin eh cloth van used 
arotincl tho holo throt-gh vhich th© rod '■.ovodo S?he piston re I vas 
nade of oaaqiie plastic because it was found that lucito oilo a 
very e ,’foctivo light pipe and 5.t iras i^.oossiblc to naho tho \?holc 
asseably light tight using a lucito rod, 7indo\/s vero cut in 
tho wrapping and colors of blacV pai/or %.'oro taped o'*o :> tie”, 

Tho windows were necessary in order to obsoxu’e tho adjustnont 
of the target position. Tlicy wore also usod to chcch for any 
splashing that night occur, so t: at it eotild be ell .inatod, 

A*-tachod to tho bettor, of the plastic cotoi* was a fitting 
to alio’W the introduction of an inert atmosphere over the scin- 
tillator, 'This v/as done to roducc t'he o'cygcn ahcr.rption and to 
renove oxygen and nitrogen fron within tho counter. The gas 
used \ns argon, and it t?ns fed into tho fitting at the base of 
the cover fron a cylinder and allowsd to flex; cut throiigh t’lo 
cloarancG around tho piston rod extension, A rate of flex? of 
about tx;o cubic feet per ninute was sufficient, 

Tho next portion of the dcx'icc to be considered is tho 
control nech.anisn, Tho prin-ary control v;as an Industrial Tiner 
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Corpontlon C!I-2 ca- ti .er, is cliovm in Pirii”o 7* This is 
ossontlQlly a tir^od cyclo of 0“oninn and closinc i micrornd-tcb* 
This nic’^oGwitch controlled 'he solenoid v'^lves# /inothcr 
alcrorirltch, alsc shovn in ’^if;ur«' 7j war, added to onontc fror. 
tl'G saiG C 3 "i and controlled tho cutoff of the senior, Tliis will 
ho dlscussol nore fully under tT o operating cycle of f*G device. 
The rest of the controls consisted of two nicroswitches r.ountcd 
on the stand, as shov/n in Figuro 4, and oporatod by nn am 
attached to tb.o pis' on rod, (no switch was rountod at one’-'* end 
of tho strolro. These controlled tlio betatron in^^ction and tho 
senior starting. 

Tho targets used were node of nl'anintUf, nagnosi’U”', and 
silicon. Tlie aluninun and nagnosinri sanplGvS were spectroscop- 
ically pnro and t’:e silicon used was cut from single crystals. 
Fro«' ccnslderaticns previously mentioned in the first section 
of this paper, tho targets \rora constn eted of strips of 
material x 1/8” r 3'P% fastened in a lucito plate to fern 
a geonetrical array, as shox/n in figure 3. Tl-io liscitc nlate 
was nado 1-*'” x 3"!'" ^ 3/3”. Tlie strips were attneh-od to this 
plate by pressing t>e ends of tho strip into slots machined to 
cnactly fit tho ends of n-o strips. Tris method precluded the 
necessity of using any tj'pe of glue or other fastening dovicos 
to hold tho striae to tho plate. Tlie sine of the targets was 
such that they could be conplctely inuorsod in the scintillator 
xrith the plato surface in contact vrlth the surfaco of the 
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Figure 7’* Cam timer and microswitches for con~ 
trolling air valves and scaler cutoff* 
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Figure 8 



Targets 
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scintillator. 

?hc data trao tn cn from the ccaler i/lth a Brush rioaol 
BL-201 Giii{^l© pon rocordor. "^h© caDC'»*la cutaut fron tie scalor 
\ns fed into the a.nnlifior of the Br*sh rocordcr and ^be data 
recorded on the tapo. T:i© recorder v/as connect© 1 to t’ o remote 
control of tho sealer so that It was started and st'*ppod 
remotely with the sealer. Taking tl.e data In this nannor sa/e 
a pomanent record of the variation of the activity with ti-io. 
The total activity and the h.alf~lifc could both bo obtained 
fron those ta^es. A cursory 'visual chock of the tones also 
s©r /ed as on a^jarosinato choeV on the tViroshold of the activity 
being recorded. 



* 










The (^ovicG VIS ierifnecl to »)orfom n cyclo Tatcrmticnlly 
so tint a nnnple of short tilf-llfc co”ld bo nitG-'n'’t' ly irra- 
diated and have the activity induced cornted without less of 
tir.G, The cyclo of operation, startiiig in the irra^^iatlcn con- 
dition, i^ns as follo\;ns activate air valves to novo sample 
dmm; novor.ent breaks betatron injection circuit; delay in fall* 
end of travel, scaler starts; activate air valves to lift 
sanple; novonent stons scaler; end of travel, close betatron 
injector ci’'cuit* hiion this cyclo \ns tried, It was fonnd that 
plclrup fron the activation of the air valves \/as a problorio 
This \ns climin'^ted by prtting in a second nicroswiteh, shovm 
in Figure 7, operating on the can tinor, i/hich wotild stop tlie 
scaler before the air valves \;Gro activated* 

The opera'*ion of tho betatron was controlled by a nlcrc- 
switch, breaking tho injector circuit in tho aoC* side just 
before the variac for controlling the injection voltage* 

Tho shielding used ;?ao as follows! A 6" thick lead wall 
■vriLth a 1’* dianctor collinatcr located just boh5.nd the betatron; 
a 2" load vail just in front of tho counter assoMbly, on the 
stool plate on which the ccimter ^nc nountod and built v.^ to 
tho stool plate just below the bean; a 1” layer of lead on the 
steel elate just bolcA/ the bean; and a 2” lo-^d wall on either 
side of the upper oortlon of the counter. 
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Overall, the procpocts of noasiirlnr t* rrcijOlds uitl th's 
dovico np’ oar to bo good, '"ho bac'- croimd can still bo ro-li:cGd, 
and the activit’os oboorvod chofld bo quite adoqua to oven near 
threshold. 
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RmrLT? 



Tho clntn tal.cn thup far is actuallj’- of an G:cnlcratory 
natnre* r^’o to liMitaticnr of ti . 0 , it has not boon roGS-iblo 
to obtain the o’^tensive data \ 7 Mch x/onl'' bo roqulro'1 for tho 
nnxinun neenraey posrible irlth tho equipnont at TIic 

canje lir.itatlons of tlrio ha.o ’aale it ir.pocoiblo to civo tho 
existing data the oxtonsivo stndy it noodn. ^'ovover, v"t? in 
those ll’aitations, tho data talon has produced satisfactory 
results* 

Runs wore nadc at vari'^us onorgior fro»’ slightly above 
threshold to xroll aho'^o threshold in o'^dor to doteTa’.ine ^ho 
best conditions under which to run* yho first nortien cf eac^7 
tape was one cycle of bact'C^’o^Ji’d the counting after 

irradiation %-ms carried out until the appoaranco of tho tape 
indicated that bac’ gro’T.d had again been roac’ cd* Tl^is gave a 
counting tir^e of at least five ; aif-li/m for tho lerront lived 
activity expected, Tho raw data was In the fora of rocerdor 
tapes which had to be read, counting the acti/.lty and tabulating 
tho results* 

Tlio data was reduced tc usable forn in the following 
r.anner* "^'he tape snood was luioam and tho ta-'o was nav’T'd off 
in one second intervals as it was road, ’In.B spcG'"’ \no ca''i- 
bratod on each irin by a GO cycle si -nal recerdod on tho ta">Oo 
Ti^o activity coujit was taHilatod for oac*'. one sec rv2 interval 
to tho noaroot 10 or 100 counts, since tlio tape only roc. rdod 
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c'OTy 10th or 100th cnirt, do-iondUi/ upon tl o in’^t roloctod. 
Thio rnv Htn x/tc t’^cn plotted end l o ctxvo S’.ootlod on the 
second trinl hy nvorn'lnc over intervals of hree reconds, ns 
'’ppreoriato for 'ho par^^iculor curv'^. TIio coltl ’-ac ground was 
then subtracted and t]-o cur/e choc od for any long lived 
activity. If such activity was Coxtii'i, it x.’.as idontiflod and 
subtracted out to leave the curve for tie short Ini life 
activity which xns of interest, Tho best visual fit vns ticn 
nadc to the curvo for a Ictor^lmtion of the half-life, TIio 
naxinu^! cr^or was tlon obtained "by fitting oxtrono cuvvos to 
tho data. 

One tape for each of t’lo ole.ncnts wac analysed and d o 
results are as follox/sj 
SILIO II 

Tape 'OilX llnorgy 13,5 IIov Ta ^o spood 13,? cv./soc 
Coxmt by 10 *s 1? soc, irradiation 
Initial bac- ■gro’-'nd 60,4 — 2 ,Vgoc 
P osults plotted in risuros 9 10 

Half-life: 4,4? ^,32 soc. 

ALirMirr^^' 

Tape TCCIII Hnorgy 17 I'ev Tape spood 1.?,? cn/soc 
Coxmt by 10 *s 19 sec, irrarliavion 
Initial bac' crox'nd 116 — 19/occ 
Results plotted in Pigiiro 11 
Half-life: 7.12 ±,73 see 
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::Ar,!r-^iTr? 

Tape 'TCCI~ Fnorcy 19 ov Tape Gpeocl 12, c:Vsoc 
Co’mt by lOO's cl ancinf Lo lO's after aa’^fcxlr ately 60 cec 
coc irradiation 

Initial bac'.f:”o^incl 70 - 13/scc 
Results plotted in Tigiiro 12 
I'alf-lifes l's^3 « 11,11 - .11 Goc 
I:a25 » i. 1.7 soc 

Tlic results obta5,nod fro-n the silicon ■:^ivo a half-life of 
J+,*f7 cec for with good accuracy and In good agreonont v;ith 

the quoted values In the literature, Tlio long lived activity 
was unexpected. There aro tx;o possible sources. First, it 
could be Al^^ resulting fron the ( ' ,p) reaction vrlth Ci^O, 

The quoted half-lifo is 6,56 - 6,7 ninutoc, Tlio value of 6,l^i-7 
ninutes obtained is \;ithin an^oouont \;lth tlals, but if it is 
fron Al^^, one would thin! that the activity fro*; the ( ^ ,p) 
reaction with to produce A1^3 wcaild appear also since tl.o 

abundance of t^o two isotouoo is nearly equal and V o energy 
user! in irradiation was \;oll above both t]-;rocliolds. Since botl 
of those activities are not proac'''t, it soons unli' cly that this 

r^O 

is the source. The other roosibility is Br' , This is possible 
because there is a sr.all aincunt of broiaino in the sili^'cn uGod 
but tlio quotoh Inpuritios of several parts per fvould 

have to be in er'»'or to gl"‘e t’ e activity obtained, J.ovover, 
this possibility is believed to be the nost lihely one. 
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The results obtalne-1 from tl 3 nlu>lnu>5 clvo a half-l.ifc 
of 7.10 soc for Al^^ with f-ooi accuncy. Un otLor ap’^roci'i^'lo 
activity wno fo-.^nd. niero vns an in-Ucation of a snail anount 
of a nueb lonsor lived activity which wa'*' asruricci to be duo to 
neutron absorption and to have a half-lifo of the order of 10 



ninutos. An activity of about fivo percent of bad cro’^-^nd was 
subtracted fo- this and resulted in snoothinf tt.e <roi»ve of the 
prlnary activity. 

The results obtained for the na^nosiun a half-lifo 



of 11.11 sec for with very go<"'d accuracy an'l a half-life 

of sec for with cood accuracy. It was not c^moctod 

that the activity fron would chow up because th.o half-15.fc 

25 

is nearly three orders of nagnitudo longer thm Ila . 

Tho results as a whole are very good, ihc rosultn froa 



tho magnosiun arc tho host obtained, ‘.niis is 'ho rcs-lt of 
applying the ercuorience gained fron the rais nadc on silicon and 
aluninun. It should not bo dlfflc^ilt to obtain the dosirod half- 
lives to an acci^racy of about one half of one percent *o' nahing 
at least fivo runs on each elonent, countin' tho Icngor h.alf- 
livos by units instead of tons, usin higher energies, and 
Icoening a better and continuous chooh on the bac’*ground indopen- 



dontly of tho tapes. 
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COUNTS per 10 seconds 
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FIGURE 10 
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